This study was conducted to determine the effect of duck feet gelatin concentration on the physicochemical, textural and sensory properties of duck meat jellies. Duck feet gelatin was prepared with acidic swelling and hot water extraction. In this study, four duck meat jellies were formulated with 3, 4, 5, and 6% duck feet gelatin, respectively. In the preliminary experiment, the increase in duck feet gelatin ranged from 5 to 20%, resulting in a significant (p<0.001) increase in the color score, but a decline in the hardness and dispersibility satisfaction scores. An increase in the added amount of duck feet gelatin contributed to decreased lightness and increased protein content in duck meat jellies. Regarding the textural properties, increase in the added amount of duck feet gelatin highly correlated with the hardness in the center (p<0.01, R 2 =0.91), and edge (p<0.01, R 2 =0.89), of duck meat jellies. Meanwhile, the increase in duck feet gelatin decreased the score for textural satisfaction; duck meat jellies containing 6% duck feet gelatin had a significantly lower textural satisfaction score, than those containing 3% duck feet gelatin (p<0.05). Furthermore, a significant difference in the overall acceptance of duck meat jellies formulated with 5% duck feet gelatin was observed, as compared to those prepared with 3% duck feet gelatin. Therefore, this study suggested that duck feet gelatin is a useful ingredient for manufacturing cold-cut meat products. In consideration of the sensory acceptance, the optimal level of duck feet gelatin in duck meat jellies was determined to be 5%.
Introduction
Restructuring technology, which is conducted to manufacture restructured meat products, is a useful method to improve the value of low cost meat and dark poultry meat (Akamittath et al., 1990) . Various non-meat protein ingredients, including egg proteins, gelatin, milk proteins and soybean proteins such as isolated soy protein (ISP), have been commonly applied to improve the textural properties of restructured meat products (Pietrasik et al., 2007) as well as for the development of low/reduced-fat meat products (Hsu and Sun, 2006) . Among these additives, gelatin, as a binder and gelling agent, is extensively used in restructured meat products due to its low melting point and gel formation ability (Boran et al., 2010) . Moreover, it has the ability to improve the rheological properties of meat products through interaction with muscle proteins, primarily myosin (Yang et al., 2007) . Additionally, gelatin has been traditionally used to manufacture cold-cut meat products, such as brawn, headcheese, and meat jelly; further, the ingredients in these meat products are bound together by gelatin or collagen-rich parts, which come from the head, shank and skin via thermal processing (Feiner, 2006 ; Gómez-Guillén et al., 2011). Among these product, meat jelly has been typically produced from lean meat such as chicken breast, and usually contains salt (final concentration of 1-2%), nitrite, phosphate, additives including carrageenan and starch, and vinegar which decreases pH value and forms a sour taste (Feiner, 2006) . Gelatin, which is one of the derived proteins, is generally obtained from collagen in animal tissues, such as cow hide and bone, pork skin, and fish scales; moreover, the functional properties of gelatin are greatly affected by the types of collagen source as well as the extracting condition, including the pH, temperature and time (Gómez-Guillén et al., 2011). Poultry by-products, mainly the feet and head, have received the most attention as an alternative material of collagen or gelatin. Hence, further research is being carried out in order to obtain more conclusive 
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information and effective use of collagen and gelatin produced form poultry by-products. Lim et al. (2002) determined the optimal extracting condition of chicken feet gelatin by using the response-surface methodology, and Kim (2011) reported that chicken feet gelatin could improve the drying yield and decrease the shear force of semi-dried chicken jerky. Recently, Park (2013) reported the optimal condition affecting the quality characteristics of duck feet gelatin soaked in an acidic condition and extracted using various thermal methods. Huda et al. (2013a) concluded that duck feet collagen has similar functional properties to those of surimi, as compared to cow and fish collagens, and therefore suggested that the utilization of duck feet collagen is an effective way to solve poultry waste using the comparative method with commercial fish and cow collagens (Huda et al., 2013b) . Along with bird feet, in addition, poultry head has also shown development possibility as a novel gelatin source (Du et al., 2013) . In the last decade, the consumption of duck meat in Korea has been increasing steadily, in 2012, the consumption of duck meat per head of the population in Korea has approached 3.4 kg (Korea Duck Association, 2013). Coincidentally, the production of duck by-products, including bone, feather, feet and internal organs, is also increasing. In addition, the consumption pattern of duck meat around the world is considerably simple and furthermore, duck by-products are actually underutilized as an edible animal source. Thus, more research is necessary in order to develop novel duck meat products as well as to effectively use duck by-products, including duck feet.
Therefore, the objective of this study was conducted to develop novel duck meat product which is type of coldcut meat product and to evaluate the effects of duck feet gelatin concentration on the physicochemical, textural and sensory properties of meat jellies.
Materials and Methods
Duck feet gelatin extraction Duck feet gelatin was extracted using the modified method of Park (2013) based on acidic swelling and hot water extraction method. Washed duck feet were soaked with five volumes (v/w) of 0.1 N HCl solution (Samchun, Korea) at room temperature for 24 h. The swelled duck feet were neutralized with flowing tap water for 48 h until pH 5.5. The sample were vacuum-packaged with polyethylene bags, and then cooked in a 75°C water bath for 6 h to extract duck feet gelatin. The duck feet extracts were filtered using cheese cloth (four layers), and cooled at room temperature. After gelation, fat layer in the top of the duck feet gelatin gel was removed. The duck feet gelatin gel was frozen at -70°C and freeze-dried using freeze dryer (80×10 -3 torr pressure, PVTFD20R, Ilshin lab, Korea).
The moisture content of freeze-dried duck feet gelatin powder was below 10%.
Duck feet gelatin gel preparation
At first, duck feet gelatin gels with four different concentrations (5, 10, 15, and 20%, w/v) were prepared to evaluate the effect of duck feet gelatin concentration on sensory properties. The duck feet gelatin powder was dissolved with 75°C warm water, and the gelatin solution was stirred for 5 min. Each gelatin solution were cooled in a 4°C refrigerator for 24 h, and coagulated gelatin gel was cut into cube size (1×1×1 cm
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) and used to determine the sensory properties of duck feet gelatin gel with various concentrations.
Preparation of duck meat jellies
Fresh duck tenderloin muscles (Musculus pectoralis minor) after post-mortem 48 h were purchased from a local market. Duck tenderloin was cured with 1.8% of nitrite pickled salt (NPS) and then kept at 4ºC in a refrigerator for 24 h. The cured duck meat was vacuum-packaged with polyethylene bags, and then cooked in a 75°C water bath for 40 min. The cooked duck meat were cut using silent cutter (Nr-963009, Scharfen, Witten, Germany) within rotation of 2-3 times, and blended with duck feet gelatin powder, water and the other ingredients (0.5% sugar, 0.3% sodium tripolyphosphate, 0.02% ascorbic acid, 0.3% soy sauce, 0.1% black pepper, 0.2% garlic powder, 0.03% mono-sodium L -glutamate, and 1% lemon juice). This formulation was based on modification of recipe which is introduced by Feiner (2006) . In a preparatory experiment, the addition of duck feet gelatin powder under 3% concentration has not coagulated, for this reason, four different formulations of duck meat jellies are prepared with 3-6% duck feet gelatin powder; 70% cured duck breast+27% water+3% duck feet gelatin powder (T1), 70% cured duck breast+26% water+4% duck feet gelatin powder (T2), 70% cured duck breast+25% water+ 5% duck feet gelatin powder (T3), and 70% cured duck breast+24% water+6% duck feet gelatin powder (T4). Each mixture was stuffed into non-permeable PVDC casings (Nalo Top, Kalle GmbH, Germany; approximate 60 mm diameter) by using a stuffer (IS-8, Sirman, Marsango, Italy). After stuffing, meat jellies were cooked at 85°C water bath for 40 min, and the final core temperature was 75°C. And then, the meat jellies were cooled at 4°C for 24 h to gelation and stored in a 4°C refrigerator until analysis.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
To confirm the changes in protein patterns of duck meat jellies due to the addition of duck feet gelatin, SDS-PAGE of the separated total protein fraction of the duck feet gelatin, duck tenderloin, and duck meat jellies was performed by the method of Laemmli (1970) , using 12% running gels and 5% stacking gels (20 µL loaded). The loaded gel was stained with Coomassie Brilliant Blue R250 (B7920, Sigma Chemical Co., USA), and was destained in methanol : distilled water : acetic acid system (50:40:10). The separated protein bands were identified by comparison with those of standard protein marker (Precision Plus Protein Standards, Bio-Rad Lab., USA). 
Proximate composition

Instrumental color evaluation
Instrumental color of duck meat jellies were determined using a colorimeter (Minolta Chroma meter CR-210, Japan; calibrated with a white plate, CIE L*=+97.83, CIE a*=-0.43, CIE b*=+1.98), equipped with a 50 mm aperture. The setting for the illuminant was C illuminant source and the observer was standard 2º. One measurement on surface of each meat jelly was taken, and total six measurements were obtained from six locations of each sample. CIE L* (lightness), CIE a* (redness), and CIE b* (yellowness) values were recorded.
Hardness
Hardness of duck meat jellies was performed in triplicate on each sample at room temperature with a texture analyzer (TA-XT2i, Stable Micro Systems Ltd., England). Each sample was cut into equal shape (2.5 cm thickness and 6 cm diameter) and the sliced duck meat jellies were allowed to equilibrate in a 4ºC refrigerator to prevent melting gelatin. Samples were taken from the central or edge portion of each duck meat jelly sample. The conditions of texture analysis were as follows: pre-test speed 2.0 mm/s, post-test speed 5.0 mm/s, maximum load 2 kg, head speed 2.0 mm/s, distance 8.0 mm, force 5 g. The calculation of hardness was obtained by graphing a curve using force and time plots.
Sensory evaluation
The panel consisted of 10 members which were trained following ASTM standards (ASTM, 1981), with a minimum of 6 mon of experience in sensory evaluation on meat products. In terms of the sensory properties of duck feet gelatin gel (5, 10, 15, and 20% gelatin concentrations), color (1=extremely undesirable, 10=extremely desirable), hardness (1=extremely hard, 10=extremely soft), and dispersibility in mouth (1=badly dispersed, 10=well-dispersed) were evaluated (Choi and Regenstein, 2000) . The duck meat jellies containing 3, 4, 5, and 6% duck feet gelatin were evaluated for appearance, color, flavor, texture, and overall acceptance (1=extremely undesirable, 10 =extremely desirable) using a 10-point descriptive hedonic scale. All samples as previously described were cut at room temperature (25ºC) and served to the panelists in random order. The sensory evaluations were performed by the trained panelists under fluorescence lighting. Panelists were instructed to cleanse their palates between samples using warm water.
Statistical analysis
All tests were done at least three times for each experimental condition and mean values were reported. Oneway ANOVA was employed to determine the significance of main effect (duck feet gelatin level) using the SAS statistical package (2008). Duncan's multiple range test (p<0.05) was used to determine differences between treatment means. The procedure CORR of the SAS package was used to calculate correlations between duck feet gelatin level and the measurements.
Results and Discussion
Sensory properties of duck feet gelatin gel The use of gelatin generally influences the rheological, textural and sensory properties by various foods. In particular, the melting property in the mouth is one of the reasons as to why gelatin is used for manufacturing coldcut meat products and desserts (Choi and Regenstein, 2000) . Also, Boran et al. (2010) indicated that the two major characteristics of gelatin are its low melting point and gel strength. The effect of duck feet gelatin concentration on the sensory properties, including color, texture and dispersion in mouth (dispersibility) of duck feet gelatin gel is presented in Fig. 1 . Significant (p<0.001) changes in the sensory properties of duck feet gelatin gel were observed due to the concentration of duck feet gelatin. An increase in duck feet gelatin concentration contributed to improving the color score, but decreasing the hardness and dipersibility satisfaction scores. Similarly, Finney and Meullenet (2005) reported that an increase in the hardness score of bone gelatin (type B) gel was observed with an increasing gelatin concentration that ranged from 8.0 to 23.0%. In a gelatin concentration of 22.5-35.0% in porcine (type A) and bovine (type B) gelatins, a similar result also reported by Jones et al. (2003) . Basically, the gelation of the gelatin solution is generated from the formation of cross-linking between proteinaceous components, which contain the Gly-Pro-Hyp amino acid sequence (Surówka, 1997) . In terms of dispersibility, according to Takahashi and Nakazawa (1991) , an increase in gelatin concentration led to the increased retention time of gelatin gel in the mouth for swallowing.
Protein pattern (SDS-PAGE) of duck meat jellies
The effect of duck feet gelatin on the protein patterns of duck meat jellies formulated with 3-6% is presented in Fig. 2 . In duck feet gelatin, three major protein bands, which are expected as α 1 and α 2 chains (120-130 kDa) and β chain (200 kDa), were observed. Also, a trimers molecule (upper 250 kDa), which is expected as γ chain, was observed as well. However, it is hard to ascertain the distinction of these proteins from the other bands in duck meat tenderloin, whereas an increase in the added amount of duck feet gelatin in duck meat jellies clearly resulted in an increased intensity of theses bands. Similarly, Du et al. (2013) reported that gelatin obtained from poultry head, such as turkey and chicken, is composed of α 1 and α 2 chains along with their dimer (β chain) and trimmers (γ chain). According to Park (2013) , the protein bands of duck feet gelatin with hot water extraction contain α 1, α 2 and β chains, which are derived from type I collagen. Further, their study suggested that the protein patterns of duck feet gelatin are similar to those of chicken feet collagen. Thus, this result obviously confirms that the addition of duck feet gelatin could affect the changes in the protein band patterns of duck meat jellies.
Proximate composition of duck meat jellies
The effect of duck feet gelatin concentration on the proximate composition of duck meat jellies is shown in Table 1 . The moisture content of meat jellies decreased when the added level of duck feet gelatin increased. As expected, the increase in duck feet gelatin level contributed to the increased protein content, and the addition of 6% duck feet gelatin conveyed an increased protein content of 1.81% compared to that of meat jelly containing 3% duck feet gelatin (p<0.05). The fat and ash content ranges of duck meat jellies were 1.75-1.96% and 0.98-1.08%, respectively. However, there were no significant differences among all treatments. Similarly, Prabhu et al. (2004) noted that the differences in protein content of frankfurters or whole muscle hams formulated with pork collagen ranging from 0 to 3% were 1.67% or 2.13%, respectively. However, there were no significant differences in the fat and ash contents among all treatments. In addition, Hsu and Sun (2006) noted that the emulsified meatball added with 4% gelatin had lower moisture content and higher protein content compared to the low-fat emulsified meatball. In this study, the protein content of duck feet gelatin is 88.5% (data not shown), and based on the formulation in this study, the increase in the added level of duck feet gelatin led to the increased protein content of duck meat jellies.
Color characteristics of duck meat jellies
The effect of duck feet gelatin concentration on the color characteristics of duck meat jellies is shown in Table  2 . An increase in the added amount of duck feet gelatin contributed to a decrease in the CIE L* value (lightness) of duck meat jellies. Also, the addition of duck feet gelatin above 5% showed lower lightness (p<0.05) than those of duck meat jellies prepared with 3-4% duck feet gelatin. However, there were no significant differences in the CIE a* value (redness) and b* value (yellowness) of duck meat jellies regardless of the difference of duck feet gelatin concentration (p>0.05). According to Huda et al. (2013a) , the addition of duck feet collagen led to an increase (p< 0.05) in all color parameters, including lightness, redness and yellowness, compared to those of surimi gels prepared with white flesh (threadfin bream) or dark-flesh (sardine) fishes, respectively. Meanwhile, Ahmad and Benjakul (2011) indicated that the prolonged extraction time decreased the lightness of gelatin due to the Maillard reaction. The lightness of duck feet gelatin powder in this study is 70.22, which is lower than that of duck feet collagen powder (CIE L* value, 86.98), as reported by Huda et al. (2013b) . Thus, the decrease in the lightness of duck meat jellies by adding duck feet gelatin could be ascribed by a color characteristic of duck feet gelatin.
Hardness of duck meat jellies
The effect of duck feet gelatin concentration on the hardness in the center and edge of duck meat jellies is shown in Fig. 3 . The statistical result revealed a significantly linear effect of duck feet gelatin on the hardness of duck meat jellies. Moreover, the increase in the added amount of duck feet gelatin is highly correlated with the hardness in the center (p<0.01, R 2 =0.91) and the edge (p< 0.01, R 2 =0.89) of duck meat jellies. The hardness in the center of meat jellies was significantly higher (p<0.05) than that in the edge regardless of the duck feet gelatin concentration. A similar result was reported by Hsu and Sun (2006) as well, who noted that low-fat emulsified meat ball prepared with 4% gelatin had a significantly higher hardness than the high-fat control. In general, the gelation of meat products after thermal processing is produced by the formation and interaction of muscle proteins, including myofibrillar protein (salt-soluble), sarcoplasmic (water-soluble) and connective tissue, or mainly collagen. Among these, collagen is completely solubilized at 74-80ºC, and solubilized collagen is denatured to gelatin thereby contributing to the texture formation, such as hardness, gumminess and chewiness of meat products (Brewer et al., 2005) . For these reasons, collagen and gel- ) indicated that pure myofibrillar protein and pork collagen had no their protein interaction, and therefore suggested that the inclusion of pork collagen within 10%, which is a non-interacting ratio for generating myofibrillar heat induced gel, could improve the yield and textural properties due to the gel forming ability of collagen during cooling. Additionally, Brewer et al. (2005) noted that an increase in pork skin gelatin concentration (1-12%) led to the formation of hard texture of gelatin gel. In the heat-induced gel prepared with myofibrillar protein (6-12%) and pork skin gelatin (6-12%), the addition of gelatin enhanced the decreased hardness resulting from the decrease of the myofibrillar protein. Thus, duck feet gelatin forms heat reversible gel and the formed gel could immobilizes meat particles after cooking. These two effects could result in the firm texture of duck meat jellies.
Sensory properties of duck meat jellies
The effect of duck feet gelatin concentration on the sensory properties of duck meat jellies is shown in Table 3 . The increase of duck feet gelatin in duck meat jellies resulted in a high satisfaction score of appearance; the addition of duck feet gelatin above 5% indicated the highest appearance score (p<0.05). In terms of texture, however, the increase in duck feet gelatin caused a decline in the score for texture satisfaction; further, duck meat jellies containing 6% duck feet gelatin had a significantly lower texture satisfaction score than those containing 3% duck feet gelatin (p<0.05). Previously, Prabhu et al. (2004) reported that a panelist could significantly realize the sensorial differences of frankfurters formulated with 2.5% pork collagen and above as compared to frankfurters without pork collagen. In this study, the highest score for the overall acceptance was observed for duck meat jellies formulated with 5% duck feet gelatin. In addition, a significant difference in the overall acceptance of duck meat jellies formulated with 5% duck feet gelatin was observed as compared to those prepared with 3% duck feet gelatin (p<0.05). Consequently, the optimal level of duck feet gelatin for contributing to the high satisfaction in the sensory evaluation was determined as 5%. Hence, this effect might be greatly associated with the formation of durable appearance and suitable texture of duck meat jellies.
Correlation between duck feet gelatin level and measurements
The coefficients of correlation for duck meat jellies formulated with 3-6% duck feet gelatin are presented in Table 4 . The relationships between duck feet gelatin concentration and hardness in both the center and the edge were highly significant (p<0.01) and therefore, the correlations showed high positive values (r=0.96 and r=0.95, respectively). The relationship between duck feet gelatin concentration and appearance was highly significant as well (p<0.01, r=0.77). As aforementioned, although there were significant differences in the texture and overall acceptance among treatments, the result of these parameters were not linearly related to duck feet gelatin concentration. Thus, the significant relationship between duck feet gelatin concentration and sensory properties, such as texture and overall acceptance, was not observed (p>0.05).
In conclusion, duck meat jellies as a cold-cut meat product were successfully manufactured using duck feet gelatin and duck tenderloin. Within the duck feet gelatin concentration of 3-6%, the increase in the added amount of duck feet gelatin has major positive effects on the increase in the protein content. In the textural properties, the addition of duck feet gelatin consistently increased the hardness in the center and edge of the duck meat jellies; however, the sensory satisfaction for the texture had no linear relationship with the duck feet gelatin concentration. Therefore, duck feet gelatin is a useful ingredient for manufacturing cold-cut meat products, considering the sensory acceptance, the optimal level of duck feet gelatin in duck meat jellies was determined as 5%. 
